Abstract Recent immigrants typically have better physical health than the native born population. However, this 'healthy immigrant effect' tends to gradually wane over time, with increasing length of residence in the host country. To assess whether the body mass index (BMI) of different immigrant groups converged to the Canadian population's levels, we estimated 12-year trajectories of changes in BMI (accounting for socio-demographic changes). Using data from seven longitudinal waves of the National Population Health Survey (1994 through 2006), we compared the changes in BMI (kg/m 2 ) among three groups: white immigrants, non-white immigrants and Canadian born, aged 18-54 at baseline. We applied linear random effects models to evaluate these BMI separately in 2,504 males and 2,960 females. BMI increased in Canadian born, white immigrants, and nonwhite immigrants over the 12-year period. However, nonwhite immigrants (males and females) had a lower mean BMI than Canadian born individuals during this period [Males: -2.27, 95% Confidence interval (CI) -3.02 to -1.53; Females: -1.84, 95% CI -2.79 to -0.90]. In contrast, the mean BMI in white male immigrants and Canadian born individuals were similar (-0.32, 95% CI -0.91 to 0.27). Even after adjusting for time since immigration, non-white immigrants had lower BMI than white immigrants. White male immigrants were the only sub-group to converge to the BMI of the Canadian born population. These results indicate that the loss of 'healthy immigrant effect' with regard to convergence of BMI to Canadian levels may not be experienced equally by all immigrants in Canada.
People migrate for various reasons-better economic opportunities, safer political systems, flight from regions of conflict and war, or to experience new cultures and societies [2] . Whatever the reason, immigration can be a stressful process. It has been shown that on arrival new immigrants in Canada are more likely to be poor than Canadian born individuals [8, 9] ; this may have an effect on their access to health resources as well as to leisure activities such as exercising in the gym or practicing sports. Even though immigrants may have lower income on arrival, with time they tend to find suitable jobs and their incomes increase, sometimes even faster than the host populations [10] . With time in adopted country, immigrants may also start adopting native behaviours-diet related, smoking, drinking, and exercise [11] [12] [13] . Beiser has termed these as 'the resettlement stress paradigm' and 'the convergence paradigm', respectively [14] . These resulting changes in living conditions, dietary habits, exercise, and in financial means may potentially impact the health of these immigrants, including an increase in their body mass index (BMI) [15] .
Thus with an increasing length of stay in the new adopted country, immigrants may experience obesity and their BMIs may converge towards those of the host populations [5, 16, 17] . This increase in BMI may have important cardiovascular and metabolic complications, thus making it an important public health issue [18] . In support for these hypotheses, previous Canadian studies have shown that the BMI of immigrants increases with additional years in their adopted country [4, [19] [20] [21] . Though these are important contributions, estimates for these analyses were from cross-sectional, pooling crosssectional data, or synthetic cohort data. Thus, relatively little is known about the individual longitudinal changes in BMI. Certain ethnic minority immigrants may generally have lower BMIs compared with the white immigrants [22, 23] ; however, ethnic minorities also tend to have lower physical activity compared with white immigrants [24] this may influence the changes in BMI in these immigrant groups. Moreover, as previously mentioned, many factors that influence BMI (such as economic conditions, dietary habits, exercise) may change over time in individuals, and particularly among immigrants. Longitudinal analyses that account for these changes in individuals are necessary to examine long term changes in BMI of Canadians and immigrants over time; and assess the convergence (or lack thereof) of immigrant BMI to the Canadian levels.
Therefore, we set the aim of the present study as the examination of the convergence of immigrant BMI to Canadian levels. To that effect, we evaluated 12-year changes in BMI (and related socio-demographic factors) among white and non-white immigrants, and Canadianborn individuals.
Methods
This study is a longitudinal analysis of secondary data originally collected by Statistics Canada in seven waves of the National Population Health Survey (NPHS) [25] .
Data source
The NPHS is a longitudinal survey nationally representative of the Canadian population that prospectively collects social, demographic, economic, occupational, environmental, and health information. The first wave of NPHS was in 1994/1995, and biennial surveys have been carried on since then, providing 12 years of follow-up, with seven assessments in : 1994/1995, 1996/1997, 1998/1999, 2000/ 2001, 2002/2003, 2004/2005, and 2006/2007 . The target population comprises household residents of ten provinces in Canada; it excludes persons living on Indian Reserves and Crown lands and in remote areas of Ontario and Québec, residents of health institutions, and those living on Canadian Force bases. The households were selected in the first cycle (1994/1995) and one individual above the age of 12 years was randomly selected from each household to be the respondent for all the seven waves of the survey. The initial longitudinal sample was of 10,992 individuals; of these 5,671 were in the age group of 18-54 years at baseline. We excluded 207 individuals who lacked data for all seven waves. Thus, finally a total of 2,504 males and 2,960 females were included for the present analysis (refer to as cohort for future discussion). We have described the details of the sample size calculation in Fig. 1 . We had a total of 15,860 observations (mean 6.3) for males and 18,349 (mean 6.2) observations for females across the seven assessment times.
The outcome variable of interest was BMI: weight (kilograms)/[height (metres)] 2 , based on the self reports of height and weight of individuals at each cycle. The independent variable of primary interest was the immigrant status of the individual: Canadian born, White immigrants and Non-white Immigrants. We used socio-demographics and lifestyle factors as explanatory variables in the statistical models to replicate previous research based on Berry's framework for acculturation [26] . The socio-demographic parameters were: age, income category (classified by Statistics Canada as highest, upper middle, lower middle, and lowest), education (primary, secondary, post-secondary, and graduate), marital status (single, married, separated), living conditions (single, with a partner, family with both parents, family with single parent, and other types), province of residence (Ontario, Quebec, British Columbia, and others), and a binary indicator of linguistic minority (individuals living in Quebec and unable to speak/understand French, individuals living in other provinces and unable to speak/understand English). We also measured lifestyle variables that may confound the association between immigrant status and BMI, such were: alcohol intake (never, regular, or former), smoking pattern (never, daily, occasional, or former), and physical activity (infrequent, occasional, and regular). A calendar 'time' variable measured in years since 1994 was also included in the models to account for the longitudinal changes across the seven cycles during the 12 year follow-up period. Finally, we built a model that included only the immigrants to assess the effect of time since immigration on the change in BMI. This variable could not be used in the complete model with all the individuals as it would have no value for Canadian born individuals.
Statistical analyses
We analysed data on men and women separately. Descriptive statistics included means and standard deviations (SD) for BMI calculated separately for the immigrant sub-groups, socio-demographic characteristics, and lifestyle variables for each cycle of data.
We used a random effects models (RE) for analysis of this longitudinal dataset. While ordinary least squares method is likely to yield biased estimates from data with repeated within-subject measures over time, RE models can estimate both within-individual and between-individual variance, and, thus account for the correlation of the repeated outcomes in the same subject [27] . The models were built in the following sequence (all with BMI as the outcome): null model with no explanatory variables; crude estimates of changes over time in BMI for each of the variables separately; and a complete model with all the variables. Our RE models accounted for both random intercepts and slopes i.e. accounted for between-subjects variation in both baseline BMI and rate of change of BMI over time. We also used the interaction between immigrant status and time (year) to assess the difference in the rates of change of BMI between different immigrant groups over the 12 year period of data collection. We used the Akaike Information Criteria (AIC) to compare the fit of alternative models while accounting for the differences in degrees-offreedom [28] . Finally, we used a residual versus fitted values plot to evaluate the model assumptions.
About 118 (5%) males and 95 (3%) females died during the course of the 12-year data collection. After excluding individuals who died during the follow-up, about 93% observations in males and 90% observations in females in our cohort had no missing values, for any of the variables included in these models. To deal with missing data, we performed 20 imputations of the dataset (using all seven waves), without individuals who died, using the 'multiple imputations with chained equations' (MICE) method [29, 30] . The missing values of variables are imputed based on the regression model that uses observed values of all the variables. An imputed value for the missing value is calculated using the parameters from the distribution, with the mean and standard deviation (SD) estimated based on the estimated parameters and their standard errors from this regression model. This procedure was repeated 20 times, and final results for parameters and standard errors accounted for the variation of the estimates across the 20 replications. The difference of the estimates from these models was \0.5 9 Standard Error for the primary independent variable of interest. Therefore, we are only reporting the results from the complete dataset with missing data.
We used STATA (version 10) (StataCorp, College Station, Texas, USA) for analyses and conducted the imputations using the ice command in Stata [31] [32] [33] .
The study was approved for secondary data analysis by the Institutional Review Board of McGill University. 
Results
Of the 2,504 males, 2,225 (89%) were born in Canada, 174 (7%) were white immigrants, and 105 (4%) were non-white immigrants. Among the females, 2,652 (89%) were born in Canada, 201 (7%) were white immigrants, and 107 (4%) were non-white immigrants. Among the 587 immigrants: 20% were from the United Kingdom, 9% were from the United States, 6% were from India, 3% from Mainland China and 4% from Hong Kong. In our study population of 212 non-white immigrants; 31% were ethnically South Asian, 27% were ethnically Chinese, and 21% were ethnically Black. Certain baseline demographic characteristics of Canadian born individuals and immigrants are discussed further in ''Appendix 1'' (web based).
Descriptive data Figure 2a shows the change in unadjusted mean BMI according to immigrant status over the 12-year period. At baseline, the mean BMI was very similar in white male immigrants (26.3) and in Canadian born males (26.2) . In contrast, among non-white male immigrants the mean BMI was lower (24.3) than in the two other groups. Although the mean BMI increased over time in each group, the curve for non-white immigrants remained systematically below those for the other groups (Fig. 2a) . Even after adjusting for age, the mean BMI in non-white immigrants was about 2 units lower for each year of data collection. In women, the mean BMI at baseline was highest in Canadian born women (24.9), followed by white immigrants (24.3), while non-white immigrants had the lowest mean BMI (23.2) at baseline. This trend was maintained during all the seven waves of data collection (Fig. 2b) . As observed in males, even after adjusting for age, female non-white immigrants had the lowest mean BMI for each data collection point. The comparisons of the mean (SD) BMI according to immigrant status, socio-demographic, and lifestyle variables for each cycle of the 12-year follow-up can be found in ''Appendix 2'' (web based).
Complete cohort models
The crude and adjusted changes in BMI over the 12-year period in the complete cohort are described in Table 1 . We refer only to the adjusted estimates in the subsequent discussion.
Adjusting for the covariates, non-white immigrants (both men and women) had lower BMI than Canadian born individuals over the 12-year period (Mean difference for males: -2.27, 95% CI -3.02 to -1.53; Mean difference for females: -1.84, 95% CI -2.79 to -0.90). In contrast, the mean values of BMI in white male immigrants were similar to Canadian born individuals over this time period (-0.32, 95% CI -0.91 to 0.27). The interaction between immigrant status and time (year) was statistically significant in men: the mean change in BMI for each year of data collection was higher in white male immigrants (0.03, 95% CI: 0.00-0.07) and lower in non-white male immigrants (-0.05, 95% CI: -0.09 to 0.00) when compared with the Canadian born population. The interaction between time and immigrant status was not statistically significant in women indicating that there were no systematic differences in the rate of change on BMI across the two immigrant categories. 
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Immigrant only models
After adjusting for other characteristics (including age), with every additional year since immigration to Canada, the BMI changed by 0.03 units (95% CI: -0.01 to 0.06). In general, across the seven waves of data, female immigrants had lower mean BMI than males (-1.61, 95% CI: -2.26 to -0.97). Even after adjusting for time since immigration, non-white immigrants had significantly lower mean BMI compared with the white immigrants (-1.21, 95% CI: -1.96 to -0.46). We tested the interactions between timesince-immigration and sex, age, and immigrant categories; none of these were statistically significant. Selected estimates for the immigrant only models are shown in Table 2 .
Discussion
Both male and female non-white immigrants had the lowest BMIs at the beginning of the study and continued to remain about 2 units lower than the Canadian born individuals, over the 12-year period (1994-2006). After adjusting for individual level socio-demographic characteristics, white male immigrants were the only sub-group whose BMIs had converged upward to the Canadian born individuals over the 12-year period. Even after adjusting for time since immigration, non-white immigrants kept their lower BMIs over the 12-year period than white immigrants. These findings are congruent with previous research from Ross and co-workers, who found while working with the 2000/2001 CCHS data, that immigrants (men and women) in general had lower BMIs irrespective of the time since immigration [34] . However, another interpretation could be that these aggregate patterns are masking substantial heterogeneity within the immigrant population. Indeed, it has been postulated that ethnic minority immigrants may acculturate more slowly than those from educated urban settings with similar physical characteristics (such as skin colour) [35] . Thus, the levels of dietary acculturation, a strong contributor to BMI, may vary by ethnic origin. Empirical evidence does tend to support this hypothesis. For instance, McDonald and Kennedy [using the 1996 wave of NPHS and the 2000/2001 wave of the Canadian Community Health Survey (CCHS)] predicted that unhealthy weight indicators in immigrants will increase beyond the native-born levels after 20-30 years of immigration [20] . However, they also found that this would not apply to Chinese immigrants. A similar finding was reported by Cairney and Ostbyte: using the 1994 wave of NPHS, as they found that respondents from Asia were less overweight/obese than other ethnic groups [19] .
By following a cohort of immigrants over time, we found that non-white immigrants (both males and females) started and continued to be about two units lower for BMI than the Canadian born individuals-there was no convergence to the BMI levels of the Canadian-born population. By contrast, the male white immigrants appeared to converge to Canadian levels of BMI. Even in the 'immigrant-only' models, after adjusting for time since immigration, non-white immigrants had lower BMI than white immigrants. A potential explanation for the non-convergence of the BMI values among non-white immigrants could be the relatively short follow-up period of 12 years. However, as indicated by the interaction terms in our models, the mean BMI changed positively in white male immigrants per year of data collection and negatively in non-white male immigrants when compared with the Canadian born population-thus suggesting that the mean values in the non-white male immigrants did not appear to converge to the mean values of the Canadian born males. These differences in BMI in various ethnic groups have also been demonstrated in other settings [36, 37] . However, these results should be interpreted cautiously, as individuals from certain ethnic minority groups (for example, Asian origin individuals) may have higher body fat content for similar or even lower levels of BMI when compared with their European counterparts [22, 23, 38] . BMI may not measure the body fat distribution appropriately; hence other measures such as waist circumference, hip circumference, waist-to-hip ratio, sagittal abdominal diameter, and skinfolds may be more appropriate to measure body fat distribution [39] . Further, while we have accounted for other variables that may potentially affect both the process of acculturation and BMI (income, education, physical activity etc.), our focus was not on health behaviours per se. Our results most definitely suggest that these are important determinants of BMI, health and potentially convergence, and they should be examined in their own right. Two major limitations of this study were the selfreported nature of height and weight (used to calculate BMIs) and the overall small sample sizes. Though we followed the same individual over a period of 12 years, there is a possibility of over reporting of height and underreporting of weight. Moreover, these trends may also vary between men and women [40] . Though BMI has its limitations in measuring body fat distribution, it is an important anthropometric measure and has a very high applicability in large population studies such as this one The adjusted model also included variables which formed a part of the complete cohort models (living conditions, province, smoking, alcohol use, physical activity)
Convergence of body mass index of immigrants 617 [39] . Further, a collaborative analysis of 57 prospective studies demonstrated that BMI is in itself a strong predictor of mortality above and below the optimum levels (22.5-25 kg/m 2 ) [41] . In addition, low BMI could indeed be illness-induced, rather than indicative of good health, thus carrying with it a potential health selection bias. We did not include extremes of age in our sample population. Our population composed of 18-54 year old individuals, and with a 12-year follow-up, we estimate that they are unlikely to be in the group subject to illness-induced weight loss. Another potential limitation is that non-white immigrants represent a heterogeneous group. However, because of small numbers we could not classify them further (e.g., Asian, South Asian, Black etc.). We also did not have information on the class of immigration-economic class, family class, or refugees. Future Canadian surveys should include sufficient numbers of individuals in ethnic minority groups and have information on the class of immigration. This will help us understand the differences in weight gain between these groups.
Despite these limitations, the study provides useful information. First, it adds a longitudinal dimension to the existing literature on immigrants and BMI changes in Canada. We have followed the same individuals over a period of 12 years (the longest duration of follow-up for BMI in immigrants) and estimates have accounted for both within-subject and between-subject variation of the outcome. Second, it demonstrates that though there was an increase in BMI levels in all three immigrant categories (Canadian born, white immigrants, non-white immigrants) over the 12-year period, the mean BMIs of non-white immigrants remained consistently lower than those of the Canadian born individuals or white immigrants. Among males, non-white immigrants showed a negative mean change in BMI per year compared with the Canadian born population. Thus, from an epidemiological perspective, not all immigrant groups show the loss of 'healthy immigrant effect' with regard to convergence of BMI values to native Canadian levels. Nevertheless, from a public health perspective, ethnic minority immigrants may continue to be at risk of developing obesity-related complications due to their high body fat content even with lower levels of BMI, as shown by other authors [22, 23, 38] . Although we did not have better measures of fat distribution, future surveys should attempt to collect this information. Finally, public prevention programmes such as exercise and dietary habits should be applicable to all these groups to prevent obesity related morbidity in an increasingly multiethnic Canada. 
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